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1 $\text{ }$ .
$\square u(t, x)=0$ , $t\in \mathrm{R},$ $x\in Bn$ ,
$u(0, x)=f(x),$ $\partial_{t}u(0,x)=g(x)$ , $x\in \mathrm{R}^{n}$ ,
. $=\partial_{t}^{2}-\Delta$ , $u$ : $\mathrm{R}\cross \mathrm{R}^{n}arrow \mathrm{R}$
. $(1)-(2)$ $u$ L2- .
$||\langle r\rangle^{-}$ 1/20l$u||$L2((O,1xR$n$ ) $\leqq C\sqrt{\log(2+T)}$ ( $||\nabla f||_{L^{2}}+||$g $||$L2),
$||\langle$r)-1/2$-\delta\partial$u $||$L2(IO,1x $\mathrm{R}^{n}$ ) $\leqq C$ ( $||\nabla f||_{L^{2}}+||$g $||$ L2).
$r=|x|,$ $\langle r\rangle=\sqrt{1+r^{2}},$ $\delta$ >0 , $C$ $u,$ $f,$ $g$ $T$
. , $\partial u$ $u$ .
.
Keel-Smith-So e[5] $n=3$ . Metcalfe [8]
( ) . HidanO-Yokoyama $[2, 3]$
.
Keel-Smith-So e [5]
( $[6, 9]$ ,




2 . 2 Fourier , 3
Multiplier Method . 4 (3), (4)







. Metcalfe [8] . , HidanO-Yokoyama [2] Appendix
.
1 $f,$ $g$ , $\hat{g}=0$ . $u$ $(1)-(2)$
. , $\mathrm{R}^{n}$ $\beta(x)$





$\sim$ , Fourier -
.
\^u(t, $\eta$) $=$ $\frac{\sin t|\eta|}{|\eta|}\hat{g}(\eta)+$ cos $t|\eta|\hat{f}(\eta)$
$=$ $\frac{1}{2i}(e^{it|\eta|}-e^{-*t|\eta|}.)\frac{\hat g(\eta)}{|\eta|}+\frac{1}{2}(e^{it|\eta|}+e^{-\dot{l}t|\eta|})\hat{f}(\eta)$
$\tilde{u}(\tau, \eta)=\frac{1}{2i}\{\delta(\tau-|\eta|)-\delta(\tau+|\eta|)\}\frac{\hat g(\eta)}{|\eta|}+\frac{1}{2}\{\delta(\tau-|\eta|)+\delta(\tau+|\eta|)\}\hat{f}(\eta)$ .
$\overline{\beta\partial_{j}u}(\tau, \xi)$ $=$ $\int_{\mathrm{R}^{n}}\hat{\beta}(\xi-\eta)\overline{\partial_{j}u}(\tau, \eta)d\eta$
$=$ $\mathrm{s}\mathrm{g}\mathrm{n}\tau\cdot\frac{1}{2}\int_{|\eta|=|\tau|}\hat{\beta}(\xi-\eta)\eta_{j}\frac{\hat g(\eta)}{|\eta|}dS_{\eta}+\frac{i}{2}\int_{|\eta|=|\tau|}\hat{\beta}(\xi-\eta)\eta_{j}\hat{f}(\eta)d\mathit{5}_{\eta}$




2 $f\in H^{1}$ (Rn) $\rangle g\in L^{2}(\mathrm{R}^{n})$ , $u$ $(1)-(2)$ . ,
$\mathrm{R}^{n}$ $\beta(X)$
$||\beta\partial$u $||L2$ ( $\mathrm{R}\cross$R$n$ ) $\leq C_{\beta}$ ( $||\nabla f||_{L^{2}}+||$g $||$L2). (7)
. $f,$ $g$ . , $\hat{g}=0$ .
1 H\"older ,







$\int_{S^{n-1}}|\hat{\beta}$($\xi-|\tau$ l\mbox{\boldmath $\omega$})ll\mbox{\boldmath $\tau$}ln-l $\leq C(||\hat{\beta}||_{W^{1,1}}+||\hat{\beta}||_{L}\infty)$ .
,




$f\in H^{1}(\mathrm{R}^{n}),$ $g$ \in L2(Rn) (7)
.
1 $f\in H^{1}$ (Rn), $g\in L^{2}(\mathrm{R}^{n})$ , $u$ $(1)-(2)$ .
|| $\langle$r $\rangle$ -l/2 u|| $L^{2}([0ffl\mathrm{x}\mathrm{R}^{n})\leq C\sqrt{\log(2+T)}(||\nabla f||_{L^{2}}+||g||_{L^{2}})$ (8)
. $r=|x|$ . , $\delta>0$ ,
$||\langle r\rangle^{-}1/2-$
,
$\partial$u$||$ L2([0,7lxR$n$ ) $\leq C(||\nabla f||_{L^{2}}+||g||_{L^{2}})$ . (9)
28
. $\beta\in C_{0}^{\infty}(\mathrm{R}_{x}^{n}),$ $\mathrm{s}$upp $\beta\subset\{1/2\leq r\leq 4\},$ $\beta$ =lon $\{1 \leq r\leq 2\}$ . $\lambda>0$
$u_{\lambda}(t, x)=\lambda^{1/2}u$ ( $\lambda t,$ $\lambda$x) $\langle$ . 2[ ,
$||\partial u_{\lambda}||_{L^{2}(\mathrm{R}\mathrm{x}\{1<r<2\})}\leq C||\partial u_{\lambda}(0, \cdot)||_{L^{2}}$ (10)
. ,
$||\partial u_{\lambda}(0, \cdot)||_{L^{2}}=||\partial u(0, \cdot)||_{L^{2}}$ (11)
. ,
$|$F} $\lambda||$ L2(RX $\{1<r<2\}$) $=\lambda^{-1/2}||\partial u||_{\iota^{2}(\mathrm{R}\mathrm{x}\{\lambda<r<2\lambda\})}$
||r-1/2 ||L2(Rx $\{\lambda<r<2\lambda\}$ ) $\leq C||$ $u_{\lambda}||_{L^{\mathit{2}}}(\mathrm{R}\mathrm{x}\{1<r<2\})$ . (12)
(10), (11), (12)
||r-1/2 u||L2(Rx{A$<r<2\lambda\}$ ) $\leq$ $C||\partial u_{\lambda}||_{L^{2}(\mathrm{R}\mathrm{x}\{1<r<2\})}$
$\leq$ $C||\partial u_{\lambda}(0, \cdot)||_{L^{2}}\leq C||\partial u(0, \cdot)||_{L^{2}}$ (13)
.
, $2^{N-1}\leq T\leq 2^{N}$ $N$ . $N-1\leq\log T/\log 2\leq N$ ,
(13) ,
$||\langle$r)-1/2)\sim l $||_{L^{2}}^{2}$(Rx{r$<T\}$ ) $\leq$ $||) \sim||\mathrm{j}_{2}(\mathrm{R}\mathrm{x}\{r<1\})+\sum_{j=1}^{N}||$ r-1/2)\sim L $||$ L2(Rx{2j$-1<r<2j\}$ )
$\leq$ $C(N+1)||\partial u(0, \cdot)||_{L^{2}}^{2}$
$\leq$ $C\log(2+T)||\partial u(0, \cdot)||_{L^{2}}^{2}$ .
,
$||$ r-1/2 $\partial$u $||_{L^{2}}^{2}$ ([0,Tlx{r$>7\}$) $\leq$ $T^{-1} \int_{0}^{T}||\partial u(t, \cdot)||_{L^{2}}^{2}dt$
$\leq$ $||\partial$u(0, $\cdot$) $||$ i2.
. (8) . (9) .
1 Duhamel .
1 $f\in H^{1}(\mathrm{R}^{n}),$ $g\in L^{2}(\mathrm{R}^{n}),$ $F\in C([0, \infty);L^{2}(\mathrm{R}^{n}))$ .
$u(t, x)=F(t, x)$ , $t>0,$ $x\in \mathrm{R}^{n}$ , (14)
$u(0, x)=f$(x), au$(0, x)=g(x)$ , $x\in \mathrm{R}^{n}$ , (15)
28
$||\langle$ $r)-1/2\partial$u $||$ L$2([0,T]\mathrm{x}\mathrm{R}^{n})$
$\leq C\sqrt{\log(2+T)}$ ( $||\nabla f||_{L^{2}}+||$ g $||$L$2+70T||$F$(\tau, \cdot)||_{L^{2}}d\tau$) (16)
. , $\delta>0$
$||$ (r $\rangle^{-1/2-\delta}\partial$u $||$L2 $([0,T]\mathrm{x}\mathrm{R}^{n})$
$\leq C$ ( $||\nabla f||_{L^{2}}+||$g $||$L$2+70T||$F$(\tau, \cdot)||_{L^{2}}d\tau$). (17)
3 Multiplier Method .
Mochizuki [10, 7 ] Multiplier Method (4)





(n-1)72 $\square u=\square v+\frac{n-1}{r}\partial_{r}v+\frac{(n-1)(n-3)}{4r^{2}}v$ . (18)
$\partial_{r}=\omega\cdot\nabla$ , $\omega=x/r,$ $r$ =|x|.
. ,
$\partial_{r}v=r$ (n-0/2 $( \partial_{r}u+\frac{n-1}{2r}u)$ , (19)
$\partial$2$v=r$(n-1)/2 $( \partial_{r}^{2}u+\frac{n-1}{r}\partial_{r}u+\frac{(n-1)(n-3)}{4r^{2}}u)$ (20)
,
$\Delta v-\frac{n-1}{r}\partial_{r}v$ $= \partial_{r}^{2}v+\frac{1}{r^{2}}\Delta_{S}v$
$=r$(n-1)/2 $( \Delta u+\frac{(n-1)(n-3)}{4r^{2}}u)$ .




$r^{(n-1)/2}\square u\cdot r^{-n+1}(\partial_{t}v+\psi(r)\partial_{r}v)=\partial_{t}X-\nabla\cdot \mathrm{Y}+Z_{1}-Z_{2}$ . (21)
,
$X$ $=$ $\frac{1}{2}\{(\partial_{t}u)^{2}+|\theta|^{2}\}+\psi\partial_{t}u(\omega\cdot\theta)+\frac{(n-1)(n-3)}{8r^{2}}u^{2}$,
$\mathrm{Y}$ $=$ $\theta\partial_{t}u+\psi(\omega\cdot\theta)\theta+\frac{1}{2}\psi\omega(\partial_{t}u)^{2}-\frac{1}{2}\psi\omega|\theta|^{2}-\frac{(n-1)(n-3)}{8r^{2}}\psi\omega u^{2}$ ,
$Z_{1}$ $=$ $\frac{1}{2}\psi’\{(\ u)^{2}+| \theta|^{2}\}+(\frac{\psi}{r}-\psi’)\{|\theta|^{2}-(\omega\cdot\theta)^{2}\}+\frac{(n-1)(n-3)}{4r^{3}}\psi u^{2}$,
$Z_{2}$ $=$ $\frac{(n-1)(n-3)}{8r^{2}}\psi’u^{2}$ ,
$\theta$ $=$ ( $\frac{n-1}{2r}\omega$) $u$ .
. 1
r-(n-l)/2\nabla v=\mbox{\boldmath $\theta$} $r^{-(n-1)/2}\partial_{r}v=\omega\cdot\theta$, (22)
$\varphi=\varphi(r)$ v. $\nabla\varphi=\partial_{r}v\partial_{r}\varphi$ , (23)
. $(r^{-n+1}\omega fg)=r^{-n+1}f\partial_{r}g+r^{-n+1}g\partial_{r}f$ (24)
. . .
$r^{(n-1)/2}\square u\cdot r^{-n+1}\partial_{t}v$
$\partial_{t}^{2}v\cdot r^{-n+1}\partial_{t}v=\partial_{t}\{\frac{1}{2}r^{-n+1}(\partial_{t}v)^{2}\}=$ a$t \{\frac{1}{2}(\partial_{t}u)^{2}\}$ ,
$\Delta v\cdot r^{-n+1}\mathrm{a}v$ $=\nabla$ . (\nabla v. $r^{-n+1}\mathrm{a}v$) $-\partial_{r}v\cdot\partial_{r}r^{-n+1}3\partial_{t}v-\nabla v\cdot r^{-n+1}\mathrm{a}\nabla v$
$= \nabla\cdot(\theta\partial_{t}u)+\frac{n-1}{r}\partial_{r}v\cdot r^{-n+1}\mathrm{a}v-\partial_{t}(\frac{1}{2}|\theta|^{2})$ ,
$\frac{(n-1)(n-3)}{4r^{2}}v\cdot r^{-n+1}\partial_{t}v=\partial_{t}\{\frac{(n-1)(n-3)}{8r^{2}}r^{-n+1}v^{2}\}=\partial_{t}\{\mathrm{I}\frac{(n-1)(n-3)}{8r^{2}}u^{2}\}$
3
$r^{(n-1)}$/2 $\square$u. $r^{-n+1} \partial_{t}v=\partial_{t}\{\frac{1}{2}(\ovalbox{\tt\small REJECT} u)^{2}+\mathrm{g}|\theta|^{2}+\frac{(n-1)(n-3)}{8r^{2}}u^{2}\}-\nabla\cdot(\theta\partial_{t}u)$ (25)
$\mathrm{B}_{1}^{*}\acute{\{}\ovalbox{\tt\small REJECT} \text{ }$ .
$r^{(n-1)/2}\square u\cdot r^{-n+1}\psi(r)\partial_{r}v$ .




$\Delta v\cdot r^{-n+1}\psi\partial_{r}v$ $=\nabla 1$ (\nabla v. $r^{-n+1}\psi\partial_{r}v$ ) $-\nabla v\cdot\nabla(r^{-n+1}\psi\partial_{r}v)$




$r^{-n+1}\psi\nabla v\cdot\nabla$t $rv$ $=r^{-n+1}\psi\nabla$v. $\partial_{r}\nabla v+r^{-n+1}\psi\nabla v\cdot[\nabla, \partial_{r}]v$
$=\nabla$ . $( \frac{1}{2}r^{-n+1}\omega\psi|\nabla v|^{2})-\frac{1}{2}r^{-n+1}\partial_{r}\psi|\nabla v|^{2}$
$+r-n+1\psi$r-1 $(|\nabla v|^{2}-(\partial_{r}v)^{2})$
$=$ $\nabla$ . $( \frac{1}{2}\omega\psi|\theta|^{2})-\frac{1}{2}\partial_{r}\psi|\theta|^{2}+\psi r^{-1}(|\theta|^{2}-(\omega\cdot\theta)^{2})$
. $v\cdot$ $[$ \nabla , $\partial_{r}]v=\sum_{i_{\tilde{J}}=1}^{n},(\partial_{j}\omega_{i})\partial_{i}v\partial_{\mathrm{j}}v=r^{-1}(|\nabla v|^{2}-(\partial_{r}v)^{2})$ .





$r^{(n-1)/2}\square u\cdot r^{-n+1}\psi\partial_{f}v$ $=$ A $( \psi\partial_{t}u(\omega\cdot\theta))-\nabla \mathrm{l}\{\frac{1}{2}\psi\omega(\partial_{t}u)^{2}+\psi\theta(\omega\cdot\theta)$
$- \frac{1}{2}\omega\psi|\theta|^{2}-\frac{(n-1)(n-3)}{8r^{2}}\omega\psi u^{2}\}+Z_{1}-Z_{2}$. (26)
(25), (26) (21) .
(Morawetz’s radial identity).
$u$ . $( \partial_{r}u+\frac{n-1}{2r}u)$ $=\partial_{t}\{\partial_{t}u(\partial_{r}u$ $\frac{n-1}{2r}u)\}-\nabla\cdot\{\frac{\mathrm{I}}{2}\omega((\partial_{t}u)^{2}-|\nabla u|^{2})$
$+( \partial_{r}u+\frac{n-1}{2r}u)\nabla u+\frac{n-1}{2r^{2}}\omega u^{2}\}$
$+ \frac{1}{r}(|\nabla u|^{2}-(\partial_{r}u)^{2})+\frac{(n-1)(n-3)}{4r^{3}}u^{2}$ . (27)
$n\geq 4,$ $\square u=0$ , (27) $[0, T]\cross \mathrm{R}^{n}$ Hardy
,
$\int_{0}^{T}\int_{\mathrm{R}^{n}}\frac{u^{2}}{r^{3}}dxdt\leq C(||\nabla f||_{L^{2}}^{2}+||g||_{L^{2}}^{2})$ . (28)
32
2 $n\neq 2$ . $f\in H^{1}(\mathrm{R}^{n}),$ $g$ \in L2(Rn) , $u$ $(1)-(2)$ , $\delta>0$
$||\langle r\rangle^{-1/2-\delta}\partial u||_{L^{2}([0,T]\mathrm{x}\mathrm{R}^{n})}\leq C(||\nabla f||_{L^{2}}+||g||_{L^{2}})$ . (29)
. $f,$ $g\in C_{0}^{\infty}(\mathrm{R}^{n})$ . 4 $[0, t]$ $\cross \mathrm{R}^{n}$
,




$X$ $\leq$ $( \partial_{t}u)+|\theta|^{2}+\frac{(n-1)(n-3)}{8r^{2}}u^{2}$ ,
$X$ $\geq$ $\frac{1-\gamma}{2}\{(\partial_{t}u)+|\theta|^{2}\}+\frac{(n-1)(n-3)}{8r^{2}}u^{2}$ ,
$Z_{1}$ $\geq$ $\frac{2\delta\gamma}{1+2\delta}[(1+r)^{-1-2\delta}\{(\partial_{t}u)^{2}+|\theta|^{2}\}+\frac{(n-1)(n-3)}{4r^{3}}u^{2}]$ ,
$Z_{2}$ $\leq$ $\frac{(n-1)(n-3)}{8r^{2}}(1+r)^{-1-2\delta}u^{2}$ .
$|\theta|^{2}$ $=$ $|\nabla$u $|^{2}+$Tu$\partial,u+(\frac{n-1}{2r})^{2}u^{2}$
$=$ $|\nabla$u $|^{2}+\nabla$ . ( $\frac{n-1}{2r}\omega$u$2$) $- \frac{(n-1)(n-3)}{4r^{2}}u^{2}$ ,
$(1+r)^{-1-2\delta}|\theta|^{2}$ $=$ $(1+r)^{-1-2\delta}| \nabla u|^{2}+\nabla \mathbb{C}(\frac{n-1}{2r(1+r)^{1+2\delta}}\omega$u$2$)
$+ \frac{(n-1)(1+2\delta)}{2r(1+r)^{2+2\delta}}u^{2}-\frac{(n-1)(n-3)}{4r^{2}(1+r)^{1+2\delta}}u^{2}$
,
$\frac{1-\gamma}{2}||\partial u(t, \cdot)||_{L^{2}}^{2}\leq$ $-,$ $X(t,x)dx\leq||$ $u(t,$ $\cdot\ovalbox{\tt\small REJECT}|\lambda \mathit{2}+\frac{(n-1)(n-3)}{8}||\frac{u(t,\cdot)}{r}||_{L^{2}}^{2}$ ,
jC $Z_{1}(t,x)dx \geq\frac{2\delta\gamma}{1+2\delta}||(1+r)^{-1/2-\delta}\partial u(t, \cdot)||_{L^{2}}^{2}$ .
33
$||\partial$u(t, $\cdot$ ) $||L2+$ i $(1+r)^{-1/2-\delta}\partial$u $||$L2([0,t1xR$n$ )
$\leq C\{||\partial u(0, \cdot)||_{L^{2}}+||\frac{u(0,\cdot)}{r}||_{L^{2}}+(n -1)(n-3)||\frac{u}{r^{3/2}}||_{L^{2}([0,t]\mathrm{x}\mathrm{R}^{n})}\}$ .
Hardy Morawetz (28) .
4 .
$u$ $(1)-(2)$ . $n=3$ Morawetz’s radial identity (27)
$\int_{0}^{T}u(t, 0)^{2}dt\leq C(||\nabla f||_{L^{2}}^{2}+||g||_{L^{2}}^{2})$
.
$\int_{0}^{T}u(t, x)^{2}dt\leq C(||\nabla f||_{L^{2}}^{2}+||g||_{\mathrm{L}^{2}}^{2})$ (30)
(Morawetz [11] )
||r-3/2u||i2([0, $\mathrm{x}\{\lambda<f<2\lambda\}$) $=$ $\int_{\{\lambda<r<2\lambda\}}r^{-3}(\int_{0}^{T}u(t,x)^{2}dt)dx$
$\leq$ $C(||\nabla f||_{L^{2}}^{2}+||g||_{L^{2}}^{2})$
, 1 1
3 $n=3$ . $f\in H^{1}(\mathrm{R}^{3}),$ $g$ \in L2(R3) , $u$ $(1)-(2)$
.
$||$ ar$\rangle^{-}3/2u||$ L$2([0,\tau]\mathrm{x}\mathrm{R}^{\mathrm{s}_{)}\leq C\sqrt{\log(2+T)}(||\nabla f||_{L^{2}}+||g||_{L^{2}})}$ (31)
. $r=|x|$ . , $\delta>0$ ,
$||\langle$r)-3/2$-\delta u||_{L^{2}([0,T]\mathrm{x}\mathrm{R}^{n})}\leq C(||\nabla f||_{L^{2}}+||g||_{L^{2}})$ . (32)
. (1) $n\geq 4$ (28) .
(2) 2 Fourier . Hidano-Yokoyama [2]
.
1 3 $(\mathrm{H}\mathrm{i}\mathrm{d}\mathrm{a}\mathrm{n}\triangleright \mathrm{Y}\mathrm{o}\mathrm{k}\mathrm{o}\mathrm{y}\Re \mathrm{I}\mathrm{l}\mathrm{a} [2])$ .
34
4 $f\in H^{1}$ (Rn), $g\in L^{2}(\mathrm{R}^{n}),$ $F\in C([0, \infty);L^{2}(\mathrm{R}^{n}))$ .
$u(t, x)=F$(t, $x$), $t>0,$ $x\in \mathrm{R}^{n}$ , (33)
$u(0, x)=f(x),$ $\partial_{t}$u$(0, x)=g(x)$ , $x\in \mathrm{R}^{n}$ , (34)
$\{\log(2+T)\}^{-1/2}||\langle r\rangle^{-\delta}r^{-1/2+\delta}\partial u||_{L^{2}((0,T)\mathrm{x}\mathrm{R}^{n})}+||$ (r$\rangle^{-\delta-}6’ r^{-}1/2+\mathit{6},$)$u||$ L$2((0,T)\mathrm{x}\mathrm{R}^{n})$
$\leq C$ ( $||\nabla f||_{L^{2}}+||$g $||L2+ \int_{0}^{T}||F(\tau, \cdot)||_{L^{2}}d\tau$) (35)
. $\delta,$ $\delta’>0$ . $n=3$
$\{\log(2+T)\}^{-1/2}||$ $(r)-\delta$r-3/2$+\delta$u $||$ L2 $((0,T)\mathrm{x}\mathrm{R}3)+||$ $(r)-\delta-$5’r-3/2$+$Ju $||$L2 $((0,T)\mathrm{x}\mathrm{R}^{3})$
$\leq C$ ( $||\nabla f||_{L^{2}}+||$g $||$ L2 $+ \int_{0}^{T}||F(\tau,$ $\cdot)||_{L^{2}}d\tau$). $(36)$
5z : .
$f\in H^{2}(\mathrm{R}^{3}),$ $g\in H^{1}(\mathrm{R}^{3})$ . $f,$ $g$ . HidanO-Yokoyama
[4]
$u=Q(\partial u)$ , $t>0,$ $x\in \mathrm{R}^{3}$ , (37)
$u(0)=\epsilon$f, $\partial_{t}u(0)=\epsilon$g, $x\in \mathrm{R}^{3}$ , (38)
$H^{2}\cross H^{1}-$ , life-span $T_{\epsilon}$ .
$Q(\partial u)$ $u$ 2 (\Rightarrow
) . $H^{2}\cross H^{1}$- Klainerman-Machedon
[7] . $H^{2}\cross H^{1}-$
.
5([4]) $f$ \in H2(R3), $g\in H^{1}(\mathrm{R}^{3})$ . $f,$ $g$ .
$\epsilon_{0}$ , $A$ , $0<\epsilon\leq\epsilon_{0}$ $2+T_{\epsilon}=\exp[A/\epsilon]$
$T_{\epsilon}$




$X_{R,T}=$ { $u\in C([0,T];\dot{H}_{\mathrm{r}\mathrm{a}\mathrm{d}}^{1}(\mathrm{R}^{3}))$ :
$\partial^{\alpha}u\in C([0,T];L^{2}(\mathrm{R}^{3}))(1\leq|\alpha|\leq 2),$ $M_{T}(u)\leq R\}$ ,
35
$7\mathrm{V}_{T}(u)$ $=$
$\sum_{1\leq|\alpha|\leq 2}\{||\partial^{\alpha}u||_{L^{\infty}(0,T;L^{2}(\mathrm{R}^{3}))}+($log(2 $+7))^{-1/2}||r^{-1/4}\langle r\rangle^{-1/4}\partial^{\alpha}u||_{L^{2}((0,T)\cross \mathrm{R}^{3})}\}$
$+ \sum_{|\alpha|=1}||r^{-5/4}\partial^{\alpha}u||_{L^{2}((0,T)\mathrm{x}\{r<4\})}$
,
$\rho(u, v)$ $=M_{T}(u-v)$ .
$\Phi$
$\Phi[u](t)$ $=\epsilon u_{0}(t)+I[Q(\theta\iota\iota)]$ , (39)
$\sin\omega t$
$u_{0}$ (t) $=$ (cos u#) $f+\overline{\omega}g$ , (40)
$I[F](t)$ $= \int_{0}^{t}\frac{\sin\omega(t-\tau)}{\omega}F(\tau)d\tau$ (41)
( $\omega=\sqrt{-\Delta}$) , $R,$ $T$ $X_{R,T}$ $X_{R.T}$
. .
:
1. $M_{T}(\epsilon u_{0})\leq C_{0}\epsilon(||\nabla f||_{H^{1}}+||g||_{H^{1}})$
2. $M_{T}(I[F]) \leq C(||F(0)||_{L^{2}}+\sum_{|\alpha|\leq 1}\int_{0}^{T}||\partial^{\alpha}F(\tau)||_{L^{2}}d$ \mbox{\boldmath $\tau$})




4. $M_{T}(I[Q(\partial u)])\leq C_{1}\log(2+T)M_{T}$(u)2
5. $\rho(\Phi[u],$ $\Phi[v])\leq C_{2}\log(2+T)(M_{T}(u)+M_{T}$ (v)$)p(u, v)$
,
A $=$ $||7f||_{H^{1}}+||g||_{H^{1}}$ , (42)
$R_{\epsilon}$ $=2C_{0}\Lambda\epsilon$, (43)
$\log(2+T_{\epsilon})$ $= \dot{\mathrm{m}}\mathrm{n}\{\frac{1}{8C_{0}C_{1}\Lambda\epsilon},$ $\frac{1}{8C_{0}C_{2}\Lambda\epsilon}\}$ (44)
$\Phi$ $X_{R_{e},T}$e
$X_{R.,T_{\epsilon}}$ .
(44) lOg2 $\epsilon$ .
, 1 2 . $M_{T}$(u) ,
$||\partial^{\alpha}u||L\infty(0,T_{j}L^{2}(\mathrm{R}^{3}))$ , 4 . 4






$r^{1}$/2D7(x) $|\leq C||v||_{H^{1}(\mathrm{R}^{3})}$ , $r|v(x)|\leq C||v||_{H^{1}(\mathrm{R}^{3})}$
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